(19) t&^*nWRif*<t^M 

(43) ai^-ii^MB 
2002 ^3 ^28 B (28.03.2002) 



PCX 



(10) mm'jkmm^ 
WO 02/24228 Al 



(51) mm^i^^m': A61K 45/00, 38/21, 35/76, A61P 
43/00, 19/02, 19/08, 19/10, 29/00, C12Q 1/02 



PCT/JPOl/08244 
2001 ^9 ^21 H (21.09.2001) 



(21) mmmmm^: 

(22) Hl^aiMB: 

(25) Hl^aiMCDWlg: 

(26) llllS^Ba(DWiS: 



(30) m^m^—i^: 

**M2000-286353 2000 ^9^210 (21.09.2000) JP 

(71) tli)SIAf*[ll^^v<:^r(D^l^ll[z-^l^T;: 1*xC^ 
t± 5feS?4^atl5'l' >JF^^-i> 3 >^Z (CEN- 
TER FOR ADVANCED SCIENCE AND TECHNOL- 
OGY INCUBATION, LTD.) [JP/JP]; =r 100-0005 
|»^ftffllE3tL(2)W-Ta5Sl^»T3tL/ 
-9'6PS Tokyo (JP). 



(72) f§B^#; fccfct/ 

(75) ^0J%/iiiMA f^mcoLNTCD^;: ^PSt^B 
(TANIGUCHI, Tadatsugu) [JP/JP]; =r 112-0006 

B Ip| 1-18-26-B303 Tokyo (JP). SfliP J£ 
(TAKAYANAGI, Hiroshi) [JP/JP]; =r 150-0032 ^SiB;S 
^IEg^fflll6-5 Tokyo (JP). *;f>|-gfH (NAKAMURA, 
Kozo) [JP/JP]; =r 179-0081 KSiffllKSIEdb fflr2-23-13 
Tokyo (JP). 

(74) ftJlA: >f 7K*[]S, ^(SHIMIZU, Hatsushi et ah); f 

300-0847 3S**B:±5imSPfflii-i-i ll«o< If tf ;u6Bg 

Ibaraki (JP). 

(81) fa^H {H F^;: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, BZ, OA, CH, ON, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, 
PH, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 



(54) Title: METHOD OF REGULATING OSTEOCLAST FORMATION 
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(57) Abstract: A method of regulating an osteoclast formation signal. It is found out that the osteoclast formation process can 
be inhibited by activating II type IFN signal transduction. By activating the II type IFN signal, the expression of TRAF6 protein 
induced by RANKL is down-regulated and thus the formation of osteoclasts is inhibited. II type IFN (IFN- T ) shows an effect of 
dose-dependently inhibiting osteoclast formation. It is found out that a signal mediated by StatI is important in the inhibition of 
osteoclast formation by II type IFN. Thus, a novel therapeutic strategy against diseases in association with abnormal bone disruption 
involving autoimmune arthritis can be provided. 
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mmm 

#«{is Wmmm^m^^ (osteoblastic bone formation) tm.^mm^B'Wm. 
U (osteoclastic bone resorption) ®^^fi^j:^e>'t^ >:^®±^c||^t^:^^TV^ 6 

o #t!S4x®Mm»s mm-ms wmm0i. t^^mzm&mmv^'^ 

^ (rheumatoid arthritis; RA) *5 cfct/ftMjl^^ ^f'®i^^ffit^#5KaS#tfil^:fe 

y :^^^—mmi>^^^mmkm^^\^i^^-r^tm^ (Roodman, G. D., Exp. 
Hematol. 27, 1229-41 (1999); Suda, T. etal., Endocrine Rev. 20, 345-57 (1999) 

)o m^i-^^^^m^mmmz^i^^xi^. mnmmiz.^^wm.!U(Di.mi:i^^mM 

tj^nWMffim^s mn^(DmmWMi^%t^^^tl^ (Kong, Y. Y. etal.. Nature 
402, 304-9 (1999); Takayanagi, H. etal., J. Clin. Invest. 104, 137-46 (1999) 

)o ^(D^o-^jtmmm.mxit^ mmiz:^i-f^BMiL(DmM'^m^ti:'imw^mr^\^x 

V^ ^ o RANKL (receptor activator of nuclear factor a: B ligand, 

TRANCE/0PGL/0DF)tt^fe#lfflWM(Ciei^^cDTNF7 T ^ U -H^Tfe D sin vitro 
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V^^ (Kong, Y. Y. etal.. Nature 397, 315-23 (1999); Kong, Y. Y. etal.. Nature 
402, 304-9 (1999); Horwood, N. J. etal., Biochem. Biophys. Res. Commun. 265, 

144-50 (i999))o vti^iyr^tfi^s mmtmmt^s RMiKDwrn^mM-r^^tiz 

J: D ^ :t :^ ^ S> ® il^t II # -r f^ffl ^ o ^ 5) n T V > V ^ o 

(Roodman, G. D., Exp. Hematol. 27, 1229-41 (1999); Suda, T. et al.. 
Endocrine Rev. 20, 345-57 (1999); Takahashi, N. et al., J. Immunol. 137, 
3544-9 (1986))s e)nTV^^V^o 

m.'^mmB^(Dmmmm\zim-( >^-7a.D>(interferon; 

. (IFN-rR) l-otr&^IFNGRl^^iiblfe-^'^:^ (IFN-yR"^' ^ 

«#mff^^-N£7)^#^gi^;feo ^(Dm^. IFN-rR"^" m^m-^^ 
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mmmm^umv. wm^^mm\^x\^^^^ht^wi^^fix\^^^ aong, y. y. et 

al.. Nature 402, 304-9 (1999) )o Ctlt^^b^^BJ^ ^<D^#fe^B{d:s tStt'fbT 

m.'^mm'mMmmx^ ^'Wm^M • -^^n^r — ^^mtulKIEaia (bone marrow 
monocyte/macrophage precursor cells; BMMs) ^M-CSF#^TTRANKLt!f!j^L''t 

ml±mf^-r1^nm^x\)^m^n^iLht^mm^^nrco iLti^commte^^s ifn- 

s IFN-rR"^ stati-/\ ^t^it mf-v^- -^^y^m^cDim^m^^^Xs rankli^j:^ 

mmmmm^m^tm-r (^^m^miEi^tco ^(D^m. ifn-tr-''" -^^t.^ 
fett stati-/- x'e7:xT{d:. m-ri,z^:hmwmmmm(Dmmmmmiz.i&r\^tc: 

t^. IRF-l'/- x'i>:;^Ti»^^^'^^i:|iI^©IFN-rJ-J;^PM^«:!?p'li^^n 
fco Statl (signal transducer and activator of transcription- 
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1) ^if\-r:6^>vi-M^m(Dm'mhi3K wmmmmcommiz:^mmmm^}^W:r^ 
izit, stati (GAT) ^^bs m¥-uzwm^^tj:MiSi'?mmmmi!fimmx$>^^t 

TRAF (tumor necrosis factor receptor-associated factor) y T 5^ U — 
b s NE (nuclear factor)- /c B J: JNK/SAPK (c-Jun N-terminal 
kinase/s tress-activated protein kinase ) ^^^tS-^-fb"^^ (Dougall, W. C. et 
al. Genes Dev. 13, 2412-24 (1999); Hsu, H. et al., Proc. Natl. Acad. Sci. 
U S A 96, 3540-5 (1999))o RANKL-ei§#^n§NF-A:B^JNK®Mmb^s IFN-r 

mm b mmiz 43 v n t ^ ci 5 . nf- a? j: wnkm^® Mi^ib i± ifn- 7 J: 

t3:feV>TTRAF6«fe^^i51>^fi^t3#XbT3i^JB3Ei^-a-fehCl5s Cl®BMMttIFN- 

r J- J;§lfe#mjF^^®ia^i;i^^bT®ifLttS^b.RANKLfij^icg; ^ 

hr:>§^#::gr^JIbs (dentin) ■SJM-±7!#nj^iRM'l4>^^ b;feo i 

n ^ IFN-r iz X ^m'^mmmmcDmmco'j^tj: < x^—mt^s nmrnm 

IFN-r 0if:fe^^^^e5«tg^B^e)d^j--r^o ^^^Bji-ct^^f e^nfc^nBJi 
s m'wmmcommt. umtm-r tomcD^^^yMzx-oxmrn^tixr^^^^i 

^^^bTVA^o iFN-rS^f*^«^'>v?.T||^^tife3i^->if ( 
CIA) izis^f^PJfM. (Manoury-Schwartz, B. et al., J. Immunol. 158, 5501-6 
(1997); Vermeire, K. et al., J. Immunol. 158, 5507-13 (1997)) Ji. ?fe#$ffl 

m^ihizM-r^^<Dm-7(Dnmi}mz^fr,s {pti:<t^^^^mizmm-r^^t 
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<btf>ti>t>^irm-y<D%mitmm^tir^\) (Firestein, G. S. & Zvaif ler, N. 
J., Arthritis Rheum. 33, 768-73 (1990); Kinne, R. W. et al., Biochim. Biophys. 
Acta 1360, 109-41 (1997)). — IMILcDmMltM^^nxi^^^ (Takayajiagi, 
H. et al.. Arthritis Rheum. 43, 259-69 (2000); Gravallese, E. M. et al.. 
Arthritis Rheum. 43, 250-8 (2000)) Z-ti^^BizmT^. -Ttd^t)-^. IFN-r® 

h^^^n^o'^-^x. acD mmcommmmmmm :fcnt § i im ifn v^j^^B: 

T § mmmmmmmm izh-^x. trafg ^mm tvtcmm^mm-r^^tifm^sbx 

1 ) mmm(D^m:i^j:^ri^^&<Dmmi^nmmm(Di^m^^v^'^mizmjjx^ 
m:i^B^m^mmmzMiyxmm^m-r?>o 

3 ) traf6{±. ^B^mmmm^i^^tsnr^mmmcD^m^^n^miz^i&^mm 
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4) umm (mxi-£m-r) i^^'a^m&mm0i^^tsw^mmm<D'^m^xxi 
^^tSs TIB (a) (d) (D\.^-rtit^^MmT^:^m. 

(a) m'^mm^m 

(b) umiy^fi-M^^ 

(c) TmmMi^r^i-t^<Dmm 

(d) mm 

(4) IIMIFN>>^:^;WE^A5statl^^-r§>>^^;HE^-??fe^s (1) ti'^ (3 

(5) immiy^i-M^m(Di^m^r^itmmi^. imm^mi^t^oDvayn' 

(6) imifm^i^t^(DV -^y t<DmM{m(Dum^. tib (a) ^t^it ( 

b) J3f3tt©XW{;iJ; D^f (5) izmmcD:^^. 

(b) IIMIFNS^#:U?b"> K^^;^-r^^^^-0^# 

(7) Visy'i^mm-r'^^^, (5) (6) (^^3«6®^^S^ 



wo 02/24228 



PCT/JPOl/08244 



7 

( 8 ) ( 1 ) mmwrn^^f^. ( 2 ) ^mxi^^i-M^m. ( 3 ) trafg^ji*) b < 

(a) ^mt^m^^tsmmcD^i&rx'. m^mmmmmmiz^i-f ^ ranks/ ^ 

(b) (1) ^#m?F$^s (2) Rmiy^i-JPBms (3) TMF6^3Eg%b<a 
( 9 ) ( 1 ) mnmrnrnm. ( 2 ) RANK^>^':^;WE^s ( 3 ) TRAFGISii^ b < 

(Dmm. (4) #nM^ii^-r2.Yb^t)^x^>>;-n>^-r.s^^T-^o 

( a ) ^^tMb^tJ^^tf ^*4©#^ET-es ^#lfflJ3aiiuMIS{;i *5 It ^ RANKS/ 

(b) (1) ?fe#|fflW^^. (2) RANK^>^:^;HE3as (3) TRAF6|igm b < 

^(omms ^r^i± (4) #p^iK^^m-r^xg, 

(c) ^M®^{^TJ-j:b-^> ^ (1) m'wmmmms (2) ranks/ ^:^;weBs 
(3) wM6mM^i^<it^(Dmm. ^r^\± (4) #PM&iii5-r^'fti^ti^3iif^ 

( 1 0) IMIFNS/^:^;Ws^:^)5Statl^^■r^S/^^:^;WE^■^fe^^ (8) 

(9) (clBiii®::^^. 

(11) IIMIFNS/^:^;HE^CD<e^di\ IIMIFN^^#:^i^<D';:«> K^OffiS 
(8) ^feii (9) izsdim(D:^m. 

( 1 2) imm^^i^t^covffy tcommmcDUM^. tib (a) ^^t^ 
(b) izmm(D3imi>zx^)no. (i i) tiBtecD:?^^. 

( a ) urn IFN^^f* U :if > F 

(b) IIMIFNg^#:U:«> F^^3Ei-r^^^^-CDiS4^ 
(1 3) ^)-ff>Ymm-r-^:^^, (1 1) (1 2) 13IB^©^^, 

( 1 4) IISyiFN^^#:';;^7^> F^fe(ii^U^> K ^f§3Ea-r ^-^^tf^ T 
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13 (a) t)^^ (d) a:>\^^irnti^i^mm(Dmnk 

(a) ?fe#lffl»MJWM^iJ 

(b) RANK$/^:>-;He^?WM^J 

(c) TRAF6WM 

(d) mmmum 

(15) IIMIFNg^#:CDU:>!jr> K^qpN-rT^^Ss (14) {::f3«®»iJs 

^'wmuu.. m.^mm^mm^r^'^^xiyr—i^'^.mw^mu (cfu-m) j; 

Udagawa, N. et al., Proc. Natl. Acad. Sci. USA 87: 7260, 1990)o — ISi-^ 

mi\yt^m.^mm±. m^mmfi'&.my ^ t (trap)s ts)\yiyv~y^m- 

Vu^^^y^m^. j3J:t>* M-CSFg§#: (c-Fms) ^B^U #DJ^lRti 
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i^-^^^o in vitro±§«^{3:fe^^T^ #fIW • D :7 r—i^^WMmm (bone 
marrow monocyte/macrophage precursor cells; BMMs) (is M-CSF (macrophage- 
colony stimulating factor; x'^ d y t— i^n D— — $iJ^H^) i^:&T'e RAML 

^^WM\z.\±^ IL (interleukin)-ls IL-6s TNF (tumour necrosis factor)- 
FGF (fibroblast growth factor) -2s ^iiXT PDGF (platelet-derived growth 
factor) tj:K(D^-( h >b-f V-^ii^H^d^^H^bTV^^o m^mUi^'^m.U^'ii 
dPf}3{is (clear zone) hIq^^^n^T^5^>{c:S^fe"gP^4■e#i::^Mbs 

(ruffled border) i:V^^^mA«7t^ffMU r n h >/}x°> rCi J: 
tt^i^T-e-T h U y^;^^^nrD7^T— tf (MMP)s .:^7"7°^>>:^^*®SM^^ 

^fes ±f3CDJ;ai-s -JlSt^fife#m®ff^fife{d:s M-CSF#:STs RANKLtCctDM 
W^ti^o RANKL {*^J}g^HJ-^=^"f -S RANK (receptor activator of nuclear 
factor a:B) (DV:ffy \'-^^<0. RANK §^^^b;fe^>^:^;WE^^i5l#■r §o RANK® 
rSi^'fbt^lj; Ds i/^±M± TRAF2s TRAF6s ^ScttJ^flfe© TRAF:7 t ^ U — H^^^ 

{Eb?fe#m^B^$-M-§o «fe#W©ff^^t;i(is RANKL J.:;L^(;i TNFa43d;tJ« 
IL-1 ^M-^bT:feDs TNFa(i IM*5 J;I>'IimF^^#:^^bTs ^fe lL-1 

^»s TNFg§#:*5J:r5 IL-lg^#:^^^^-r§S/^/:t■;^^3^)H#bT*5 Ds 

TRAF6 \± IL-lg^#:(DT^r<$7—^^^bT*)«f 11-2)0 IMIFNSy <7:^;WE?i 
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b ( m 3 )o ^ ^ i3 IFN- r {isM-CSF*5 J; OTANKL t-fefei^ UT^-fbl" ^BMMs 

RAW264.7cDRANKLlcJ;a?ife#m?l^^*)IS^-r?.o IIMIFNS/^ 

^^^t? § § c ^ bT v> o I m IFN-> ^':^;WEB<&JflJM^ § CI h {c: J: D s 

RANK^^Trbfe— ^®S-^":^;WEpS^fctt^®-§|5^Jgbs RANK®T^^©^>i7~':^;L' 
^^®rSmb^^3^cD±#^ ^ie^]3tfs^^m®il#. RANK(7)rS'ffi'fb03j;D§l§7|B 
^^ti§«®?l^H^<b>5:^^^tfo TRAF6(D^?i±#s TRAF6®^ 

mbs TRAFe^^rrt-^i/^^'-^Ms^s NF-zcBCDtSmbs JNKCDrStt^b (Uv^-fb) 
MAPK>>^':^;i/fe^®rSmbds^{f e>n^o lfe#lffl»^ 

^tcs mmmsfiz^^n^x^iz, immi^^i-M^m(Di^Mi>t, trafg®^ 
M^mmizmmir^c.ht^mm\^rzo -{Kjynv Ym-mo:>mm±. iimifn->^ 

:^;HE?SOiS3(i^^\ TRAF6MeRl/^;i/<&W^J3fgT^-a-^Cl^^^bTV^^ (El 
6 c)o l^o Ts I IMIFNS^ </:^;WE^^iS^it- ^^}l\z.^^^ RANK^- J; ^ 
TRAF6^]^^W$iJt-^ ^ ^id^'nTtfe-t?^ ?.oTRAF6cD^3g^«lJ-r ^ ^ ^ f3 J; f5 TRAF6 
©^tE{d:MiJ^ti§o TRAF6<7)^tghbT{is f^Jx.(*'TRAF6^'||-%^-r ^ ^>^*:h;HK 
e,n-2.o -r^ib-i^s IIMIFNi>^'^;^fe^^ig?t-r^^i:i-J:^^ TRAF6 
^^H^-r ^ ^> ^'":^;Ws^^}W^"J-r ^ ^ ^ § ^ oTRAF6(iRANKi> ^^^::^;Ws^J':^i54- 
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izij. CdiOs p75NTRs ^J^Xf ToU/ll-l§:^i$i-7 T ^ U -® $^^^;H5^f3 ^ 19 
# b T V ^ § ClJ: d^^^ i@ ^ T V ^ ^ o f^J ;t > TRAF6 it TLR ( To 1 1 - 1 ike r ec ept or ) -2 
^ TLR-4 :feir>^#tf LPS/3i> h as^i/>i/^:^ cfelS^LTV^^o *^HJ® 

l>TTRAF6^m^Mfp-r § Cl2i(3j;!9.^ti^)® TRAF6 ^/T-T ^ f> 
fe^^MWU#-2)o TRAF6®^3Eg^:fe{«tg^iawr-g):5&^ds. fe#«^MiJ-r 

■^;^fe^*fe(i^®-'gP^mao ■r:fet3t>> IIMIFN^ J; ^3il#^n^5^^::^;WS 
IIMIFN§^#:®?Smtii3j: D^#^n^S/^^:t-;Ws3^s *5 <fct>'IMIFNS:^ 
{*©T^^CD 7 I. ^ — J: D mm^ti^-y ^^i-JVBM^j:. ifU. I MIFN-> ^ 

^;^fe^^3^st^§o2^^H^i;l^5v^TIIMIFN^/^*:^;WE^^i^ ^?at-tts iimifn 

iimifn hbT(d: IFN-r>&^'#(f IFN-rfiIIMIFN§:^#: (IFN-yR) ®U 
, Fi:bT^tibTII^IFNiy^::^;l/1S^^^^Sffi'^bt-^o II^IFN^^#:{zIFN- 
rmcD V illy Yt^m^-T^h. imim^mM± JAK7 T ^ 'J - (JAKl:feJ;WM2 
^) C7)5=-D>>>:3e:)— k'©rS'l4'fb^abT Stater ^U— (Static) t^^jym 
ih^fi^o Statl^^Vx'— GAF (IFN-r activated factor) 
U V^-fb^tife^V"^— d^'S(-#fTb GAS (IFN-r activated sequence) 
bT^e^?t<E^I¥cD^^^{£Ji-r^o ci®J;^i3, II^IFN>>i5^':^;WE^^ibTtt 
s Statl (GAF) ^iY-r^t^^i-M^mifim-f^n^o tfcs IRF-l*)IFN-r®M6^ 

ffl^-B-^o IIMIFN^#^>j:^'> KhbTfd:. m-rt^mf^bfi^o IRF-1 
©^Sai^iJ; D IFN-r^?a^^#bT*) J;v^o ^fe, IIMIFN^§f*©T^^cDi>i'':h 
;plE^^rSmbi-^ci^^)-e#?>o stati^:fh-r§e>^^;WE^^IE?i 

-r^^hmj^X^^^o f'Jx.«\ GAFtgt4fb^{S?i-r^^^icJ;Ds IIMIFN^>^':h 
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»JfSH^s -r^fc*)#®t>-^ V-h-O (IL-4s IL-lO^^t?) ^Jf^s ^^IP 

t fes ;t {^MmbMK^«T^^iJ^ § ^ 2f s iBISrt JAK7 T ^ 

U -® 5^ n iy > Mt^^±#^ S d h D s Statl© - «#:<b^iSM b 

S^^^':^;i/§W^!l-r^:i^;b^^T>§So ^fes Statl(«|^T> CBP/p300 ^CD^^n T 

cBP/p3oo^hstatlh®M^^PM■m«^ immi^^'i-)\ym^m'r'^^h 

>{)^^t?§§(Horvai, A. E. etal., Proc. Natl. Acad. Sci. USA 94: 1074-1079 (1997) 

)o 
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^■^m^^\z.\±^ emW*^5j*M^^mU RPMI 1640-^1 illc^f^U 
-;V/r^-^^-fijibT400gT•30:S^^^iC^^^o #iibfe5^mWM (10« 

^t^m-r § :i ^ id cfc D njs-r ^ :i ^ ;?)^'-^' § § o 

(glycol-conjugated IFN) fte©<b-^tl^M-^bfe*)CDt'&o 
II§yiFN^^#:(Z)U:^^> F^bTWJ;t{^^ IFN-r ^tl-So ^^D^ 

sa®^if-fe. :^mMfiZ^^^xm-riz^^n^o ^tcm-ri^it. ^t®ifn- 
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. I IMIFNS^ft: i; -ff > F ^^M-r § ciJi /b^-e § PS D SllKSii^ < s DNA:j3 J; OTNA 

tJ^ii?^;!/;;^^^^— :S^tf45j^®^^7^— ^^^V^^ci:^s-e§So "^-f 

-^i^^^-^^^f^ in vivo^. ^r^it-<^^—^mXVrcmm^^^ir^ ex 
vivoSt;: J; !3 fro c h ^^-^ * o 
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qTfg-e i> o ^(DW.s naked DNA®^-^^-^. -fe > ^~"-r t> -i U 4^ V — A 
IIMIFNi^^':^;HE^S«-r§cii:*)-e#^o cicDfei6(c{i. II^IFN^^Ifflia 

*>e,®iFN^^^{)£ji-r^f'M^#^n{^j;v>o %mm\z.^^t^o\-^. tstt^fb^n 

rsmb$ -a- ^ c ^ Id ct t) ^ IFN- r ^{Sm^ -B- § c h yb^'-e § § o -ISi;! I IM ifn 

Ms ^-f h 31 ^>g±i§i^ij®i^#5&: ^'ic J; o Tif^^n^ (Mayer, E. 
D. et al., "Interferons and Other regulatory cytokines" — :73iD> 

*5J;t>'fte®ilgp'l^-9--r h?b-r >) , 1998, John Wiley & Sons)o 

s?!fe#ttlu!iEm{3:feV>TRANKL:fe iTt- J; D ^^^n^^#|ffl«MA^*|5aW^n 
{;iM|5g{±:^<s ^J;^«th. 43J;tJ«v>^>^, v^yh. >>-b-diS, 1^;i/:feif6D#h h 
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ifi-r^^^o mi^mzlt. 7~8Mi?r<7)Vi>>^ (n=20) (Dm^Mi^. U ^i^^li (LPS 
) (Sigmatt) ^ ZSmg/kg-f^MT^miS^ U liJDg|3'fuJc^<4B^(-^feoTffi 
.?^^^*^^IFN-r (^J^«^10000U/day) (ii=10) ^rc}±Mm(D^mikm7k (n=10) ^jg 

^^xj^m.^mm.-^m.t>tir^^mimikm)(Dn}^^mmt^ (chiang, 

C. Y. et al.. Infect. Immun. 67, 4231-6 (1999))o 

m ^ Ui^&mi^(D iFN- rm-^^mB^r^i-±m^^^^xno !^tK^\). ^ 

:n{^^ctV>o :L(Dm^. V^'^^MM (rheumatoid synovium) t^H^^ti^^fi^fiS 
#^fflJ3S?F^J5fe®ex vivo^T^-Vl/'e^S (Takayanagi, H. etal. Arthritis Rheum. , 43, 
259 (2000))o mmmM^-m\)mh. lmg/mln^>f:^— (WaJso pure chemicals, 
Osaka, Japan) 43cJ;tF0.15mg/ml DNasel (Sigma, St. Louis, MO) ^^tfRPMI 1640 
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mmmm^lOmcDceU strainer^jlb-CM^abs mmmzZOYo^-^Mm (Gibco 

BRL) ^^tsa-MMfpizmm^mMr^o mmvr^mmmm (io« mm/^=^j\y) 

{± 24 r> ;n ;i/ © ;v ^ i> :ii ;!/ ri/ — h i:: IS § > 1,25-dihydroxyvitamiii D3 
[1,25(0H)2D3] (10-^ M)*5J:tJ« 2ng/ml m^m^^ Vn-CSFCD^^&y. 
;ib MFN-r®^^^tTtfe^±##:STt?20B^^g«■r^o3B*5^J's 

■^-x^-^j^^-^^e^j M^i^.^^— ^ b T s RMKL iy -if^jii^m ^n^m&mi^M 

. RANK. TRAF6. c-Fos. NF-zcB. JNK. Fra-1. 43 J;OTra-2:& ^^^tf ^tL§y?^'Cl 
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^ ^ o RANKL * l^RANKd^f ^ ^^-Kli^ ^Sl2»-r § &?f(Jffl bTRANKL- 

RANK(D^^^Jfl]f|iJ1-§Clh mRMimi^. iixRANKirbf*®!^ J3 J; D 

s «lfflm^^^d:WJ^tl^ mRiU^i&r^'&^^tt^'^^^o ^fes ii^ifn 
* ?i ^ ® g^^fc^r ^ ^^^-r ^ 'jffl b T 1 iFN-i iFN 

mm ^ {i#?f^m h 1- ^ mmizMT ^^^m^n^ :^m^m^-r § o 

%oJt^"efe^o RANKLt::^-r§^n^S:^#:^bT^IJ^n^OPGJis RANKL 

hRANK^I^'^^im^l-^C ^Itzj; D RANKL ^>^^'^;HE^<&jtlff^i»o OPG>?)SMg0i^^ 
}3^bT^^^^:^^^-r^c: in vitro (Takayanagi, H. etal., Arthritis 
Rheum. 43, 259-269 (2000)) :^^mn vivo (Kong, Y. Y. et al.. Nature 402: 

304-309 (1999)) -^^^tiTv^^o ^ti^(D7':2 ^ ^mm-rtiit. w.'^mmMm 

{;iM:b?.RANK^IIMIFN^®';:«^> ]'(Dim^mm-r^^ti^r'^?>o^:J-ftV 
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nt. mm u isy i^'^^mM.^^ts^^^y^ Ft- J; d rankle Mierti{^\ 

j; ^)RANK-RANKL^sfe§V^^d:IIMIFN-IIMIFN^^'f^:fe^®M^^PI*-r ?) hi3 

o 

■r?>^ti!fir'B^o ^n^omnt^ m^itmwmmnms rank^^':^;he^s 

Mi^mzi±, (1) ^#iB«^^^ (2) RANK^>^":^;We^s (3) TRAF6^^*) 

(b) (1) m-wmmmm. (2) RANKiy^:h;i/fepi. o) TmmM%v<i± 
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c(Dttm:^^£^i^ mzimmiyVi-M^miz^:i> (i) mmmmm. (2) 

MRKiy^i-M^M. (3) TRAF6^^^ b < {±^®«tl> Sj^cJi (4) © 

s IIMIFNi-^-:^;HE^SfM^t1-^*#T{^:J3V^-C*)s (1) ^fe#lfflW^s (2) 
RANKS/ ^•'::^;WE^^ (3) TRAF6^]^^ b < (±^6D^tl^ ^tcl± (4) 

iEMt-^^frT^-*5V^T^ ^Wt^mif. (1) life#«B^s (2) RANKS/ 
JV^Ms ( 3 ) TRAFG^Sa^ b < it^cDm^'^s ^ ( 4 ) #BM©|3aW^^ ^ 

mm(Dt^minmz^y)m^^m\^r^\). mmm-^m^^^tirc^oti: ifn-tR'^" 

^ {^RANK© U > K § RANKL ^ ^S-^ ^tl« J; V ^ o IFN ^i-JV ^m^h b ^ It 
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S o 

IffliatuKlfflJiai- 43 ^ I IM IFN ^> ^ 

(b) (1) 5fe#mJF^m^ (2) RMli^^i-M^m. (3) TRAF6^?i*) b < id: 

^®ati> (4) #M§*tm-r§xs, 

(c) ^M©^f4^T^i:b-^s ^ (1) m^mmmj^s (2) RANKi^^::^;i/-fe^. 
( 3 ) Tm6mM% b < {±^©Wis ( 4 ) #iKiR&iltlt-S^b^t?^MiR 

i!fe2.o ^fes ^LCD^^v-^y^^j^mits ±m(D^km:^mtmmi^. imm 

->^i-M^m^^^ (1) m^mmmms (2) RANKS>'^:h;i/'feB> (3) trafb 

^ii%b<(*^©«tgs tfe^i; (4) #iiMs (Dmmm^±mi^r^m&r^^ 

Tiz^i-f^m-^t^m-f^n^o T^:bt.x ±HB®xg (c) \z^\^x. wm\:i-^ 
m^^tiUMo:>w^^y\-^:iBmm^}itt-<^. ^ ( 1 ) ( 2 ) rank 

^-^^Me^s (3) TRAF6^^%b<{i^®^fgs (4) #liAXR^±#* 

^„ ^fe, Mfl^CD^f^q^h b-r{±. ?^#mjf^^> RANK5x^7:l-;i/fe^. TRAF6 

b < (i^cD^t^s ^fe(i:#Dj^iR^ilili5bt#^flii®{b^tJ®i^^&Ti-*5ttS 
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2) RMKi/^'::^;WE31. (3) TRAFGBSa^) b < {i^cD^t^s (4) #n&lCl 

X@ (c) {C:feV^■rs XS (a) ct D %fSl>ffi«®WMh^'tJ^ffll>feJ©^^# 

otm.^mmB^(D in vitro T'^^-fe'f ^^ffiV^T^f a ei^;i^^-f§§o 

10ng/mlCDM-CSF<fe^tf (a-MEM) -eZHPeltg^bs lOOng/ml® nf^g 

ttRANKU 10ng/ml©M-CSF> ^ ^{zm^UmM.<Dm-y (D^^y^-^ ib{ZZBm^ 

jJDbTi§«-r§o ^fes in vivo ®^-ezfetL«\ f^J;t J: ^ 

m^mmmmi-^^ ^J;^{^:*CII^ (Yasuda, H. et al., Proc. Natl. Acad. Sci. U 

SA 95, 3597-602 (1998)) iz^-oXmmT^ ^ tt)^-^ Mi^mizi^. M^itM 

hn^-^^^>^mi^(D%M(D^kliit^}f(D&^(D^kli^mizX^. invivo:fej;tF in 

vitro m-i^xm^mmmm^^tii-r^^itifx^^o mKiy^±M^mx:&ti\t 
s mnt M-/cB^jM(Dmmh-^^^mmmizmm(D:^^^mizj:y)mmT^^t 

tfiX^^o immnx^mt^ traps mRNA®B3Ei&y-1f>yp^;/ 

RT-pcR^jdj: ^)t^mbfet)^ Tmm&m^^ h^^^m^, iimm 
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bfe<tai-s CD40s P75NTR. ^.t^it To.ll/IL-lg^^7 T ^ V -tj: }fTm6^if\-ir 

^J;<s TRAF6(C^'^'rSTAKl^fe{d:ECSIT (evolutionarily conserved 

signaling intermediate in Toll pathways) td^if(D'^^tCD^'^^BM^tBMt 

um^m^r-^^mmi^t^m^ti:^) htmvx (i) m.-wmmmm. (2) rank 

bt# ^^#-e5fe#^iaBuMi^ J- 1 iMiFNg^f* > f ^ 

g^M^-i^^X@X@. (b,) (1) m^mm^^. (2) RANKSy^:H;WE^> (3) 
TRAF6^^%b<{i:^®^tl. ^fe{±(4)#TO^^mi-§X@, :&^$fIIMIFN 

^fes *l60S{is IISyiFNg^f*U:«^> ^t^l-^M') -^'^ ^^Mt ^ 
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(a) lfe#«?f^^W«iJ 

(b) MMLiy^^JV^mnMm 

( c ) TRAF6ffil§iI^J 

(d) #«:^|rp§iJ^J 

n^o iin^(DmMi±. e#:^Mv^§ffe^ «®7jcs ^m^iu 

tKs w^iJs ^^^ij^ ^i^Ms w-mm^m. m(Ds&m. (bsa/^^Os 

§fisfflSWr^^i:^ RANKL:>^^'-:;H;ixfE^^^ip^lJ-r^#^&Wr^Cli:, TRAF6M 
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mm^ mm\^s mm\^. mm\H. jsTs mmm^^. mMp>i. ^r^itma 
mmx^nitm'^m^-r^iLhifiasmx^^o mmmiz^-rx^iz. invitro^ 

iz^h\X 1 U/ml CD IFN-r«#m?F$^§{a{£^^i-«'iU/feo m^it in 
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^ (rheumatoid arthritis; RA) ^^tsB-a^M^mmikt^mif^fi^. m^m 

Mia (pigmented villonodular synovitis; PVS) ^^$fs WWM^i^^^^^M 
(Dl^*;i/i>'>Ajfil^(D?^5m^®3iffl*)^#^ti§c Paget^s Wiit^^i-f 

^\^^u.mm.mmzmmnid^nx\^^^^hmi'^{y\^^c :^mm^z^r), mnmm 

(iLPS^viA^ tlfemM#CD«M^j4- (S5»ffi^7 ;r :^ 7 T ^ — if [TRAP] 

xz^^-vh^i^ V >izj:^m^)^m-r^Mx^^om'»mm<^mmmm trap 
tf:^xmmm\^mmi±'j>my^ti^M.^nt^\^^o m-r^-^"^'^:^x'h. ^< 
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mz.m'mrmB(D{S::kt^B^tl^o mm^m (trabecular bone) mM(DljmMtc<D 
(Chiang, C. Y. etal.. Infect. Immun. 67, 4231-6 (1999))o CI ® Bl^at^l'J 

r^m:^±Tmm^. RMKL (lOOng/ml) :feJ:rfM-CSF (lOng/ml) ©#:STTBMMh^ 

^rnvfco 3Bmz TRAP* mm^nmiyf^o hi± IFN-7R■^■BMM^z43^t§^ 

m 3 (is RANKLi^ j; D Slzi^tl^«S#WJf$^*5 .tOTMMiimt-Sf^'-riFN-r 
^il^<£^-r0T^?.o IFN-riis RMKL (lOOng/ml) 43J;t;« M-CSF (lOng/ml) T 

M-CSF{3fem40^#«MmBMMcDiimiC^bT{d:il^5^^PM'f^ffl<S^Nbfeo 

Ei4iis in vitro m'^mmmmmcDmwmm (trap^^) ^^-r^ST-^^o 

C57BL/6^r>;^®BM^M-CSF (lOng/ml) #?i-et§«b;fe (±^^°;t-;l/)o ^(D^i^ts 
(d;s «{d;#^T!TRAP|^tt-efeofeo RANKL (lOOng/ml) j3<ttJ« M-CSF (lOng/ml 
) cD#:ST-^tt. BMM{rtV>^*T«TRAP+-e#^CD?fe#m{3^<tibfc (tti^^®^-^ 
^JV)o RANKL/M-CSF:feJ;t5IFN-r (100 U/ml) ©#:&T-Ci«#|fflW^^{d:WM 
^tltz (T^-^;^;i/)o m{d:M!fe^bT:}3^-rWT% TRAPI^ft-^feofeo 

la 5 »s IFN-r (3 j; ^m#«?B^®»JJ-*?(t§ IFN-rR^Statl<DiK>g'I4* 
^•ri2I43J;tJ^^^K-e^^o a, IFN-rR> Static ^fe(*IRF-l&^abfe-^'>:^i:: 
fi3fet-^BMM®?fe#ttff^^fc:§3{t^IFN-r®^il^^s RANKL (lOOng/ml) 43j;tK 

M-CSF (long/ffli) (D^i^y^^m-^rco mmmm (%) (is iFN-rMu;fei§« 
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bt^fefeo h, m^m-^tfy^. feSV^tt Statls IRF-9. ^feii IRF-l^JI x'>i7 

yi.m^(D]msti^^0m.wmmmmi>^^if^m-7 (lou/mi) (D^motm^mi^ 

o 

mm vtz^m^^s-r^Mr-^ ^ o 

a{iNF-A:BYS'l4®EMSAI?*f^^-ro RANKL (lOOng/ml) -CfUm^^ IFN-r®#^ 

F7°D — :7"^ffllNTJ-::^SuiCf3«ibfejlD{3^tf:&ff oTc: (Lomaga, M. A. etal., 
Genes Dev. 13,1015-24 (1999))o 1t-^#:{is irCRel AJrC^: (Santa Gruz#) i^J; 

b{d;JNK^mbM^^^^^o RANKL (lOOng/ml) T'*!l#f*s IFN-r®#ftT 
■nmrnm^ (New England Biomeds^fc) ^ffll^fe-f ^y h J; D ^Iff b 

o 

c ttife#i^jiaoD ^ \if ^ RANKL ^^i-M^m izm-^-r ^~fmO:r.y a, ^ ^ 

-^'?(Dmmzm$irm-y(Dm^^^^-ro RANKL«m4^^*3^{-s BMMCD^ 
mmmmm^<!^mini$i (Santa Cruz^) ^fflV^fe^ Ay hiCct !9^;fiffbfe 

o 

uyh^fj^r^ (T^-^^-;V)o TRAF6'>>r;i/X^^^^-i-feBMM®TRAF6S6SU^ 

in 8 It. m- r J; §«#^w$^Pfl^(-:R(S-rTRAF6»!i^?acD^)&m^^N-riii 
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:^J:XJ^mMr'$)?>o V h P'>-i';L';^^^(7)2Hf^(3BMM±g#{3RANKL/M-CSF:feJ;tK 
IFN-7 (lOU/ml) ^:^inbfeo 3Hm. GFP»|fflia^m^il^^-e|^^U TRAP 

43cfct5EGFP^i^'^7^;v:;^^^^- (pMX-IRES-EGFP) ^^Iffllg-r: (is TRAP|^tt®?fe 
#^JIS(iBe)ti:^V^o einfc^bs TRAF6^m'>^;i/X-<^a^- (pMX-TRAF6- 

IRES-E6FP) •^myk-^'^fz.mmr^\±^m.(D trap^ ^^laiSA^jff^m^tifeo T^(i 

•GFP®M^^|ISbfe|gm^^^o ai:^^'®TRAP' ^^MttGFPI^'l^-e^Ds 
IFN-r#&TT*)GFP|#ttmcD50%l^±*5TRAP+^1^$fflJ!a{c:^'fbbfe 

)o 

»©— i: b T «S32. S n ^ o 

V>a (Huang, S. et al.. Science 259, 1742-5 (1993); Matsuyama, T. et al.. 
Cell 75, 83-97 (1993))o dtl ^CD^M'v'f^^^ ^?tYE^{3fgf-®/\"y <^ > K 

^it^c57BL/6ve7X%Miy3i> ^D-;^^bTfflv^feo stati-/- -^e?;^ ( 

Meraz, M. A. et al.. Cell 84, 431-42 (1996)) {±Taconicth*=' e)MAbfeo 

[^»|J 1] iFN-r J3j:^T«^irrbfelfe#|fflW$j55c®iiii5 

b^i^>t<t§#iiJ^iR©^#(d:#nifciR^5^Vl/^J:bT5tj:£^tiT:feDs 
:l®^^3:feV^T^in^•T?^3TM*^SS^^SSa^^;febTV^^Cl^l*>'HJ^^t^ 
tiTV^§ (Ukai, T. et al., J. Periodontal. Res. 31, 414-22 (1996); Chiang, 
C. Y. et al., Infect. Immun. 67, 4231-6 (1999))o C1CD#M^ 5^Vl/^^^Jffl 
bTs IFN-rS:^#:(IFN-rR)«7)^^® l■OTfe§IFNGRl:&^abfe•x'e7::^(IFN- 
rR"^■ ^^X) (Huang, S. et al.. Science 259, 1742-5 (1993)) \z.^\y^mM 
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n=io) oywmmz.. v^^^m (lps) (sigmaa) ^ z5m/ks-i^m-^mpm^Vs 5 

Bmz^mW,^^iiXm(Dmm (CMang, C. Y. etal.. Infect. Immun. 67, 4231-6 

(1999)) i3t^^Tm>if^fTofehc5s m.'^rmmnmcDtm^t'wmmcDmmm^ 
M#-r ^ mmcDm^ ifn- r ffmm-^mm^n •oxi^^^^ti^yrs^^nr^o 
^r^i±i^±mmmmtnm^m • ^^nyr-t^mmmmm (bone marrov 

monocyte/macrophage precursor cells; BMMs) b(Din vit^o^t§^^^z:$^\^^X>. 

M-csF#&T-eRANKL-ef iia-r ^ mm^n o fee 
in Yitromnmmmm^mm-r^t^it>s 4¥mm^wmmm (24^ru-h®i 

D5xlO^|fflJJg) :&10ng/mlCDM-CSF (R&Dtt) *^4f a-:g/>i^>Si&iffe ( 
a-MEM)-e2H^i§#b^BMM^ l^xm^^fco^tl^cDBMit lOQng/mKDajmmMKL 
(Peprotecha):feckt>' 10ng/ml®M-CSF©#:aET-e^ {33S^tg«b«fe#«^ 
B^^-M-feo ^^«0||^(i;J,MttiH3tlbfe j;^(3^T-3fe (Yasuda, H. et al., 
Proc. Natl. Acad. Sci. U S A 95, 3597-602 (1998))o T|ffl|S0?Stt<tl(Z)fei&s 

mmcd3' mmmm (>93%) ^^mmAoxmmv. bjug/micomcdsem^ ( 

PharMingen^± ) T 1 H P^f iJ?^ b o rS'l^^bTlfflJiS ^ {±T|fflJ3Sli:0«±vS©^^Jn BMM 
0 2afc^T {:is*)iCD3|Ji#:T?gmb^-&feT«^^{3#:^«byfc:©^{3 

^±iz^-htit^ (III2b)o cn^cDlFN-rR"''' BMM{is rS^4'ff:T«®^ig#{::*5 
V^T. la^?^^i;?.RANKL^^#ftb2fe<T■fe'^gV^^.&^-e^#«{3^YbbfeCli:>?P^. 

m^mmMmzMir ^mm(^^^mt^ rankle ifn- r ©^-^'^ >:y^izi^^ br v> ^ 
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immm 2 ] mmli,z x. b mm-^mm.'^mmmwL^i^^iir^^ ifn-t ©stati 

IMomnmm^ X i>BMMcDfife#^K^® in vitro r -fe ^ ^ {zU^m^ 
^t7yi.m-y (Genzymett) ^^5!JP b^O^^^I^IEbfeo m^^^^IFN-r ®» 
BMMi^#^©RANKL®»Ji|BlBt{3^f ofeo ^®^^s BMM©^fe#^fflW$^{3^ 

>b^5^jrp»mS^bfe (0 3)o -^^Km-y\±^ M-GSF#i3Sc#'tt0x'^D7r — 

h cDM^/b^ 5). IFN-r (±MNKL^y :i7^'::H;WK^^g§^?llRatll3?Jl]$iJt-:g. C h ^s^l^^ 
tl^o IFN-r ® 5^ ^^¥H^Statl (Stark, G. R. etal., 

Annu. Rev. Biochem. 67, 227-64 (1998)) (D^mh^iYiyX^M^n^o tS'ffiM 
Statl{± IFN-r activated factor (GAF) i:^)P?(m^ WM. ^ fe(d:^^?H^IRF-l 
(Taniguchi, T. et al., Biochim. Biophys. Acta 1333, M9-17 (1997)) 

xm-r(DmM^'?-m(D^M^mm-r^o m^izT^-^n^iioiz. m^mmm 

±lz^t>ntcifi. IRF-l-/- •^^T.Xlt^iDtltj^ti^-Drczo *fes |5|^fcIRF-9-/- V 
:^ ^ ffl V ^ TRANKL/M-CSF XW^^ti^ BMMs >b> ^ (DW-^mmmmz MT^ IFN- r 

®$>&m^ii-^fe^i^s m-r(Dmm^)]mt^mm^titc^tti^^. irf-9}±ifn- 

M^m^^CDnmizit^ Statl (GAF) ^^l.^ IRF-143 J;.t^'IRF-9^::#{i<#l3^:fe?l 
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lufyr^ ^)-^mmv. m-KB^^mmmm^mmh-r^ (Dougaii, w. c. et 

al., Genes Dev. 13, 2412-24 (1999); Hsu, H. et al., Proc. Natl. Acad. Scl. 

U S A 96, 3540-5 (1999))o TRAF7T 5. U -CDffe ^)^ TRAFG (± RANKL 

ffi^mVs :^m^'Wm<DmMM^mir (Lomaga, M. A. et al.. Genes Dev. 
13,1015-24 (1999); Naito, A. et al.. Genes Cells 4, 353-62 (1999))o 

electrophoretic mobility shift assay; EMSA) (D^m^ RANKLl!^#^tl-g.NF- 

fcmmmms m-rmmi^rami-^itmmizmm^nrz (m 6a)o ^ ^icaANKi 

'^mm^ti^jmcDmi^h'hm-rizx^ mm^ntc (m 6b)o RANKL^M-csF-rfo 

^ b feBMMi:: 43 V ^ T s RANKL ^ ^ MiMU^O'r^a:^ a^^m^^-^^^^Ay 

y D y h T-iiiiw bfe h ii 5s iFN-r I- J; »5 Tm^(D^Mmmmfi^-^mm\zmm-^ 

TRAF6®^^t LT V^ ^^-r ©t?^ § o 

\MMm 4 ] TRAF6^tl5^^3EiJ- J: ?.«fe#«B^-s©j^# 
TRAF6|g?a®|®W5&5^ IFN-r «^r^-rs^fe#«?f^^®3IPM^3fig-e$> § 
-^^feJ&s TRAF6<£^*e^{C^3Ei^-&feBMM?& RANKL T-f!li!c U IFN-r 

TRAF6 cDNAcDT»!tJ3 internal ribosomal entry site (IRES) - 

(EGFP) <^n-K-r§UhDe7-r;i/::^^^^— (pMX-TRAF6-IRES-E6FP) \± 
, ve7X^STRAF6?tfE^® 2.0kbEcoRI-StuIifit^ pMX-IRES-EGFP (Nosaka, T. 
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etal.,EMBOJ. 18, 4754-65 (1999)) CDm—Ui^Li^WXhs HKmCDmM (Nosaka, 
T. etal., EMBO J. 18, 4754-65 (1999)) i^^A^oT-f^Mbfeo U h^^-( J\y::^0 
/-^^^/r—i^y^lts ^ti^(D m^^^d^ — h pPAMpsi2 (Sato, M. etal., FEES 
Lett. 441: 106-110 (1998)) S293T«t3n h^>::^:7:ni>h-r-SChJ3ckDff 

0-;l/iCfflV^feEGFP®^§l§^i.-r§'>-f (pMX-IRES-EGFP) tt. J»^<BM 

U h^^-( ^BMM(3^^^ 48B#^^fcRANKL/M-CSF:fe J: t^IFN- y ^t^tiz 
»bfeo RANKLmin®3B#l-s TMPm-^^^nWmiUT^y'iz^ (Yasuda, H. et 
al., Proc. Natl. Acad. Sci. U S A 95, 3597-602 (1998)) J: D ^#lffllSBfiS<i 

«*^V^ilh^:ls BMM{3*5lt§TRAF6®3if!l^^{±. IFN-r J- <t 

CD^rp^lJt3^^bT^g^rLtt<fe^bfe (lll8)o RANKLt^J^Dil^^ 

m(Dm5o%t^m^mmin^my^:^yr^-^m^ (trapo (D^mmmiz^^tiy 

^^Sb^ ma^^n-±-e#nMrS'I4^^^bfeo cm^cD^m^s IFN-rJ-<t^«fe 

^^±g)fijMcDprt&a 
^mmits ctl^-e^e)tl■rv^^e:?p-pfeIFN-7^#o4^^;r:^^i>;^^ -r^t) 
«#ig»^^cD?fl]M <}: ^ wm.(Dmi^ t. (DmcDmrT-D # ^ e> b o s:^ — 
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TIB (a) ts>^ (d) (D^^-fM-^mmir^zt^mo 

(a) m^mmm^ 

(b) i.miy^±)v^m 

(c) TRAF6^Si^fett^CD^tl 

(d) #nM 

6. imm^^i^h^(0^)i^>YlL(Dm'Ki'^m(DUm^. TIB (a) (b 

(a) IIiaiFN^^#:U;i?> 

(b) IIMIFN^^#:>;>fj> F^^^-rs^^^-cD^# 

7 . U > F §s l*5f<JS 5 ^ 6 i3fB«4©^^^o 

8.(1) «#lfflW$^. (2) ^mi^^±)V^m. (3) TRAF6^]^^b<{i:^® 

(b) (1) mwmmBm.. (2) RANKiy^>":^;WK^^ (3) immm^L^ii-i.^ 
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9. (1) mwmmmms (2) Rmn^^-i-jv^ms (s) Tm6%M%\^<it^(D 

( b ) ( 1 ) w.^mmnms ( 2 ) rank:^ ^'±M^m. ( 3 ) Tm6mm^ u < 
(D^ti^ (4) nmm^mm-r^jim. 

(c) ^31cD^^^T{-l:b-^^ m (1) mmmmm. (2) RANKi-^^'^:^;WE^s ( 

3 ) immu^ b < {d:^©«ti. sfefi (4 ) #PM^B)i@0-r^'fb-^ti^^*K-r 

10. immi^^^i-M^mii^^tati^if\-r^i^^±Miimx^^. mmn^^t^ 
It 9 izmmcomMo 

1 2. IIMIFN§:^#:h«(DU:«> Ki:®ffiSftffl©iSii^^ TIB (a) ttzU. ( 

(b) imm^^i^V'ffyi^^mM'r^^^^-(D^-^ 

13. y :^/> K*>'IFN-r-e*^s ^5f<^l l^feiil 2{'tBm®^So 

1 4. IIMIFNg^f*';:«^> K^fe}ii^U:«^> F^^^i^-^-^^ TIB 

(a) (d) (DVN-rtt5?Pt3iai!4©^^Jo 

(a) ^fe'&lfflW^figlfPMiJ 

(b) mK-> ^i-M^mmmm 

( c ) TRAF6«]^!J^IJ 

(d) #P&MMiJ 
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